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SOMESTATICLONGITUDINALSI!ABILTI’YCHARACTERISTICS

OFAN OVERLAPPED-TYPEEMNDEM-R~OR

HELICOFT!ERAT LOWAIRSPEEDS

~ RobertJ. Tapscott

SUMMARY

Flightmeasurementsof somelongitudinalstaticstabilitycharac-
teristicswithan overlapped-typetandem-rotorhelicopterat lbwair-
speedssrepresented.Thedatashowthata criticalamountof longi-
tudinalcontrolisreqtiredtomaintaintrimmedflightat certain
combinationsofairspeedandrateofdescent.Estimtesbasedon
theoreticallypredictedinterferenceeffectsindicatethatthefront
rotordownwashactingontherearrotorcouldcausevariationofthe
longitudinal momentsofthesameorderofmagnitudeas themeasured
variation.

INTRODUCTION

Studiesof thestabilitycharacteristicsofbothsingle-andtandem-
rotorhelicoptersarebeingconductedtoverifythecontinuingapplica-
bilityof theexistingcriteriaand,possibly,torevealtheneedfor
additionalcriteriato coverspecificitems.Experiencewithtwotypes
of tandem-rotorhelicopters(nonoverlappedno-vertical-gaptypeandover-
lappedwithvertical-gaptype)hasshownthat,ingeneral,theseheli-
copterssresubjectto thesamecriteriain ordertohavesatisfactory
flighthandlingqualities.

Onecharacteristicnotedwithan overlapped-rotortandemheli-
copterwhichwasnotincludedinpreviousstudiesofa nonoverlapped-
rotorhelicopter(refs.1 and2) istheappsrentinstabilitywithair-
speedasreflectedby theunstableslopeofthecurveof longitudinal
controlpositionplottedagainstairspeedat certainlowairspeedcon-
ditions(O-to 2~-knotrange).Inaddition,withtheairspeedconstant
inthelowrange,a largelongitudinaltr~ c-e aPPearsto res~t
whentherateofdescent(power)isvariedwithincertainlimits.

Informationshouldbe“providedforthedesignerto indicatetheu
possibleoccurrenceofthesecharacteristicsandthemechatismbywhich

.
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f

theyoccw sothatconsiderationcanbe givenduringthedesignstages
tominimizethemor shiftthemtoa little-usedflight.condition.Some
recentstudiesoflongitudinalstabilitycharacteristicsat thelowend
of theairspeedrangearereportedhereinforan overlapped-typetandem-
rotorhelicopter.
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SYMBOLS

*-
—
..

verticalcomponentofhelicoptervelocityalongflightpath,
positiveforclimb,fis

horizontalcomponentofhelicoptervelocityalongflightpath,
knotsor fpsas indicated _ .- —

bladeradius,ft

rotorangularvelocity,radians/see

averageinducedinflowvelocityofisolatedrotor,always
positive,fps

differencebetweeninducedvelocitiesoffrontandrear —
rotors,positivewhenrearrotorvalueis greater,fps

r
-Vv - v

inflowratio,assumedhereinequal to
m .

differencebetweeninflowratiosoffrontad rearrotors,
positivewheninflowratioofrearrotorisgreater

rotorthrust,componentofrotorresultantforceparallelto
axisofnofeathering,lb

massdensityofair,slugs/cuft

tip-speedratio,assumedtobe equalto v+R

x anglebetween=is ofwake

approximatelytan-l*

e blade-sectionpitchangle;

andnormalto tip-pathplane,

snglebetweenlineof zeroliftof -
bladesectionandplaneperpendiculartoaxisofno feath- —
ering,deg

—
$

b
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AQ differencebetweencollectivepitchanglesof frontand
rotors,positivewhenpitchofrearrotoris greater,

3

rear
deg

CT rotor-thrustcoefficient, T!
3tR2p(m)2

‘hov averageinducedvelocityof isolatedrotorinhoveringflight,
alwayspositive,fps

A barovera symbolindicatesa parameterexpressedas a ratioto
hoveringinducedvelocityVhov. Forex~Ple~ G.J-.

‘hov

DESCRIPTIONOFHELICOFT!EHANDEQUIPMENT

A three-viewdrawingshowingthegeneralarrangementandprincipal
dimensionsofthehelicopterusedforthesestudiesis shownin figure1.
TheapproximatephysicalcharacteristicsarelistedintableI. The
helicopterhasconventionalcontrols:cyclicpitchstick,directional
controlpedals,andcollectivepitchstickwiththrottlecontrol.Longi-
tudinalcontrolisaccomplishedby longitudinalcyclicpitchanddiffer-
entialcollectivepitch,thelatterprovidingabout85percentof the
pitchingmoment.A calibrationofthelongitudinalcyclicpitchandthe* differentialcollectivepitchfora neutralsettingofthetrimcontrol
is showninfigure2. Thiscalibrationprovidesa meansof converting

. thecontrol-stickpositionstoactualvaluesofpitchontherotors.

ThehelicopterwasequippedwithsynchronizedstandardNACArecording
instrumentsthatrecordedcontrolposition,altitude,airspeed,linesr
andangularaccelerationsaboutthethreeprincipalaxesof inertia,and
angleofattackat thenoseofthehelicopteroftheplaneperpendi-r
to therotorshafts.

Formostof thedatadiscussedin
of thehelicopterwaslocated4 inches
rotors(station178).A smallpartof
figures,wereobtainedtithtk cent=

thispaper,thecenterof gravity
forwardofthemidpointbetween
thedata,as notedon thepertinent
ofgravitylocated13 inchesfor-

wardof-themidpointbetweenrotors(station169).Formeasurementsof
an airspeedcaponentat nearzeroornegativemlues~a some*t mique
pickupsystemwasinstalledonthehelicopter.Theairspeedinstallation
isdescribedintheappendix.Altitudeandverticalvelocitywere
obtainedfroma static-pressuresourceindependentoftheairspeedsystem.
Thissourceconsistedofa static-pressurepickupona swivelmountingat
theendofa boomextendingforwardofthefuselagenose.

.
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FLIGKL’MEASUREMENTS OFLONGITUDINALSTABILITY
w

CHARACTERISTICSAT LOWAIRSPEEDS

StabilityWithSpe&d
—

Thestabilitywithspeedofthehelicopterat lowairspeedswas
studiedby meansof”thefollowingprocedure:Thehelicopterwastrimmed
inforwardflightatanairspeedofabout27-Jr.netsata givenpower.A
rangeofairspeed(approximately-10to40 knots)wastraversedby slowly

—

andcontinuouslyreducingairspeedto theminimumata rateofabout —
1 knotpersecond,thenincreasingtoabout40 knots,andreducingagain
tothestsrtingtrimvalue.Thecollectivepitchandthrottlesettings
werekeptconstantthroughouteachcycleofairspeedvariation.Data
obtainedfromrecordsoflongitudinalcontrolpositionduringthecycle
ofairspeedvariation,whenplottedagainstairspeed,arethenindica-
tiveofthechangeinlongitudinalpitchingmomentsactingontheheli- —
copterwithchangeinairspeedfroma trirmnedvalue;thatis,theyare -’
indicativeofthe.stabilitywithairspeedofthehelicopter. —

Thevariationof stickpositionwithairspeedforthesubjectheli-
copterat severalpowerconditionsisshowninfigure3. Thepowercon-
ditionsaredesignated,B, C,andD, andaredefinedintable11in

.

termsoftheresultingtrimmedflightparameters.As illustratedby the
plotsof figure3 thehelicopterisgenerallyslightlyunstablewithair- .._‘c-:
speedaboveabout20 knotsandbecomesrelativelystablebelowabout

—

20 lmotsforallpowerconditionsshownexceptpowerconditionB. For
powerconditionB,withdecreasingairspeed,thehelicopterapparently .
undergoesa relativelylargenose-uptrimc@ge atabout15knotswhich
requiresnearlyfullnose-downcontrolto ove-rcome.

Infigure4 plotsarepresentedshowingthevariationwithairspeed
oftherateof changeofaltitude(Vv)forthecasesshowninfigure3.
Theseplotsshow,ingeneral,thatdifferentratesofdescentmayresult
at thesameairspeedandpower,dependinguponwhethertheairspeedis
slowlyincreasingordecreasing.Thus,inthiscase,thetechniqueof
slowlyvaryingairspeedat constantpowerandcollectivepitchdoesnot
provide

In
extreme
control
descent
control

a reliableorrepeatablemeansofobtainingspeedstabilitydata.

TrimChangeWithVerticalVelocity

an efforttodefinefurthertheflightconditionsforwhfchthe
forward(ornose-down)longitudinalcontrolisrequiredfortrim,
positionrecordswereobtainedforsteadyratesofclimband
at twoairspeeds.Thesedataareshowninfigure5 asplotsof
positionagainstverticalvelocityforindicatedairspeedsof

“A

*
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13 kOts and25hIOtS. Itisshownby theseplotsthatat eachairspeed
thecontrolpositionrequiredfortrimis influencedby thevertical
velocity;thus,at constantairspeeda trimchangewithpowerisindicated.

Figure5 showsthat,at eachairspeedconsidered,increasinglyfor-
wardcontrolpositionsarerequiredfortrimas theverticalvelocity
decreasesuntilvaluesofabout-10feetpersecond(thatis,descending)
arereached.Forverticalvelocitiesgreaterthan-10feetpersecond
(higherratesofdescent),thetrendof controlpositionsfortrimis
rearward.Theplotsinfigures5(a)and5(b)for13 knotsandfor
25knots,respectively,showgenerallysimilartrends.Theredoes,how-
ever,appeartobe a tendencyforthemaximumforwardcontrolposition
fortrimto occurat slightlymorenegativeverticalvelocitiesandto
be fartherforwardforthe13-knotairspeedthanforthe25-knotairspeed.

SignificanceofMeasuredCharacteristics

Existingcriteriaforsatisfactoryflyingqualitiesforhelicopters
(forexsxrple,refs.3 and4) indicatethedesirabilityofpositivestatic
longitudinalcontrolpositionstabilitywithspeedat allsteadyflight
conditions.Thepresenceat lowairspeedsof instabilitytithspeedand
of lsrgelongitudinaltrimchangeswithpowerconflictswiththeespecial
needforgoodhandlingcharacteristicsduringthelandingapproachmaneu-
ver. Thus,ofpossibleimportanceto theimmediatesafetyofa given
designconfigurationarethelargetrimchangeswithpowerinthelow*’ airspeedrangepresentedinthepretioussection.Theflightmeasure-
mentsindicatethepossibilitythatcriticalamountsoflongitudinal

. controlmaybe requiredat certaincombinationsofairspeedandpower.
Shouldthecriticalcombinationsbe withintherangeusedduringpower-on
landingapproaches,dangerousflightattitudescanresultwithinsuffi-
cientlongitudinalcontrolremainingf~rrecovery.Thepossibleneed
forexcessivecontrolatanyflightconditionmightalsobeardirectly
onautopilotperformanceandparticularlywhentheuseoftheautopilot
is consideredin conjunctionwithan approachcoupleror otherautomatic
landingapproachdevices.

Itmaybe desirable,in ordertoprovideaddedawarenessonthe
partof thedesignerofa newconfigurationofthepossibilityof insuf-
ficientlongitudinalcontrolat someflightcondition,to emphasizein
futurecriteriatheneedforinvestigationof sufficientcmnbinations
ofpowerandairspeedto insurethatcriticalamountsoflongitudinal
controlhavebeendetermined.Itmaynotbe feasibleto eliminatecom-
pletelyalltrimchangesorexcessivecontrolrequirements.However,
itmaybe possibleby properselectionofdesignvariablestoprotide
a safemarginof controlat thecriticalcombinationsofpowerandair-
speedandto setthesecriticalcanbinationsat a little-usedflight
condition.
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COMPARISONOFFLIGHT~S ANDTKEORI?TICAL

ESTIMATESOFTRIMCHANGE

It isbelievedthatthe~aswed c~acteristicswhichhavebeen
presentedreflectboththeeffectsofdirectmutualinterferencebetween
theflowfieldsofthetworotorsandtheeffectsof oneorbothrotors
approachingthevortex-ringflowstate.Itis considereddesirableto
showthecorrelationthatexistsbetweenmeasureddataandpredicted
effectsofflowinterferencebetweenthefrontandrearrotorsandto
pointoutthatportionoftheflightregimewhichshouldbe affectedby
unsteadyvortex-ringflowconditions.

ProcedureforPredictingTrimChange

Thenetdifferenceof interference-inducedvelocitiesat thefront
rotorandat therearrotorwasestimatedfromthechartsofbothrefer-
ences5 ahd6. Thechartsofreference5 arebasedontheassumption
ofuniformlocaldiskloadingandthoseofreference6 srebasedonan
assumedtriangularlocaldiskloading.Thus,theeffectsofthetwo
assumeddiskloadingson calculatedcontrolpositionvariationscanbe
seen.Figure6 showsplotsoftheratioofthenetaverageinterference
velocitytotheaveragefront-rotorinducedvelocity(positivefornet
effectontherearrotor)againstrotorwakeangles.Thevelocityratios
werederivedfromthechartsofbothreferences5 and6 fortheparticular
geometry(rotorspacing,verticalgapandoverlap)ofthehelicopterused
fortheseflightmeasurements.At eachwakeangleforwhichthecharts
arepresentedinreferences5 and6,theaveragevalueoftheinterference-
inducedvelocitywasdeterminedby averagingtheinterference-induced
velocitiesalongthelongitudinalcenterlineoftherotors.It should
be noted,inregardtotheestimationofwakevelocitiesinsucha man-
ner,thattheuseofthedataforanassumeduniformloading(ref.5)
mightbe expectedtoprovidea morerepresentativevalueforinterfer-
encepurposesthanwouldtheuseofdataforan assumedtriangular
loading(ref.6). Thisarisesfromthefactthat,sinceonlytheinduced
velocitiesina planethoughtherotorcenterlineareused,theassumed
uniformloadingresultsina valueofinducedvelocityat therotorcen-
terwhichismorerepresentativeofanaveragealongthe”lateralsxisthan
thevalueof zeroresultingfromtheassumedtriangularloading.

Theinterference-inducedvelocitiesshowninfigure6 wereconsidered
torepresentdifferencesbetweentheoperatingconditionsofthefront
andrearrotorswhichrequiredspecificcollectivepitchdifferencesto
provideforno thrustdifferentialbetweenrotors,thatis,no longitu-
dinalmomentactingonthehelicopter.Calcdationofthecontrolposit-
ion ordifferentialcollectivepitchfora givenflightcondition,the
centerofgravitybeingmidwaybetweenrotorsandonlyrotorcontribu-
tionsbeingconsidered,wasthenaccomplishedwiththefollowingprocedure:

R

w

—

—

.

—

‘*.

.

.

—

J

.
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Theinflowdifferencesbetweenthefrontandrearrotorswhich
reflecttheinterference-inducedvelocitiesweredeterminedinthefol-
lowingmanner:As definedherein,

-Vv - v
A= ~

Vh
P ‘Till

where Vh iSmeasuredin feetpersecond.Expressingtheseparameters
intermsof’nondimensionalvelocitiesby dividing
by thehoveringindUCed VelOCity Vhov = q“

theappropriateterms
yields

A

whereina barovera symbol
hoveringinducedvelocity.

Fromreference7, X =

= (-T.v- v)f-

representstheratioof theparameterto the

tan-l* (neglectingflapping)whichupon
A

4 substitutingtherelationshipsfor A and I-Lbecomes

.
~hx=tan—l—

Vv+v

Sincethefrontmd rearrotorsaresubjecttothesamevertical
velocitiesTV,thedifferenceininflowratiobetweenthetworotors
is causedby a differencein

Fromtheexpressionfor

theinduced-velocityparameter~. Thus,

or

theinducedvelocities,
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and

alongwiththedefinitions
TV, ~h,and ? becomes

7

crJ1/2
v=

‘m

for A and W,therelationshipbetween

Iftheseeqwtionsaresummarized,

&=.Tg

and

(1)

(2)

(3)

—

.
-.

Fromequations(1)to (3)it isseen,sticeA~/f iSa ~ction ofthe
wakeangle(fig.6)and ~ inequations(1)and(2)canbe relatedto

VV and ~h by eqy.ation(3),thattheparameter~
m

canbe evaluated
2

asa functionof ~h and ~v alone.Thus,thedifferenceinoperating
conditionsof thefrontandrearrotorscanbe fo~d forv_~iouscombina-
tionsofforwardvelocityandverticalvelocity(Vh and Vv,respectively).

Thepsrameterrepresentinga changeindifferentialcollectivepitch
neededtokeepthethrustdifferencebetweenthefrontandrearrotors
zero(thatis,no longitudinalpitchingmoments)withan inflowdifference
ontherotorswascalculatedby thefollowingrelationship:

Thequantities~~/a~ and aG@X areessentiallyconstantthroughout
< 0.1)and,ti& thechartspresentedinref.-thelowairspeedrange(p.

d“

erence7,areestimatedtobe
.
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acT
—. -0.0796
al

= 1,130deg/unit

AO toInorderto convertthepsrameter—
(T 2

differenceontherotors,theaveragethrust

%

theactualcyclicpitch

coefficientshouldbe used.
Inordertodeterminetheactualcontrol-sticktravelfora givenheli-
copter,a calibrationofdifferentialcyclicpitchwithstickposition,
suchas thatshowninfigure2, canbe used.

liItheforegoingprocedurefuselageandtailmomentshavebeen
neglectedandthelongitudinaltiltoftherotortip-pathplanes(longi-
tudinalcyclicpitch)causedby controlstickmotionwasneglectedboth
indeterminingtherelativepositionsoftherotorsforestimatinginter-
ferencevalues&ranfigure6 andindeterminingthecontrolpositions
neededtoproducethenecessarymoments.Estimatesoftheprobablecon-

—

tributionto thelongitudinalmomentsofthefuselageandtailsurfaces
showthat,fortheflightconditionsstudied,thechangeinmomentsto
be expectedfromthissourceisrelativelysmall(about5 percentof
controlauthority)comparedwiththerotormanents.It isbelievedthat
theeffectsof tip-path-planetiltwouldtendtobe compensatingand
small,andthusthecalculatedcontrolvariationshouldbe a reasonable
estimateofthevariationscausedby rotorinterference.

ComparisonofCalculatedandMeasuredData

By using theprocedurediscussedintheprevioussection,control
positionvariationswithverticalvelocitywerecalculatedforthetwo
forwardairspeeds(13knotsand25 knots)forwhichexperimentaldata
werepresentedinfigure5. Thecalculationsweremadeby usingthe
theoreticalinterferencevelocitiesforthetwoassumptionsofuniform
localdiskloadingandtriangulardiskloading.Thesedataalongwith
themeasuredcontrolpositionsshowninfigure5 areshownin figure7

Aeasplotsofthecontrolparameter—

w

againstverti.cq.lvelocityfor
2

thetwospeeds(designatednondimensionallyas ~h = 0.85andl.@) for
whichthemeasureddatawereobtained.Theapproximateregionforwhich
thefrontrotorisestimatedtobe affectedby vortex-ringflowcondi-,
tionsisindicatedinfigure7. Themount ofnose-downcontrolavail-
ableonthetesthelicopterisalsoindicatedonthefigure.Forthe
calculatedcurvesonlythecontrolneededto overcomeinterference
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effectsbetweenrotorsis considered;thus,exceptforthe
thevortex-ringflowregion,itappearsfromfigure7 that

datawellinto
themajor

trendsofthemeasuredvari.&tionoflongitudinaltrimchangescanbe
fairlywellaccountedforby predictedeffectsoffrontrotorwakeacting
ontherearrotor.

At thesmallerratesofdescent,themeasureddatafor ~h . O.~
(fig.7(a))and ~h= 1.60 (fig.7(b))showa trendofnose-downor
forward-controlpositionas theverticalvelocityparameterisdecreased
(descending)similartothattndicated~thecalculationsbasedon inter-
ference.As canbe explainedby theconsiderationspreviouslynoted,the
slopeofthedatamorenearlyagreeswiththecalculationsbasedonuni-
formlocaldiskloading.Oncethefrontrotoriswellintotheregion
forvortex-ringflow,thereappearstobe littlecorrelationbetweenthe
measuredtrendsandthosepredictedby eithermethod.Althoughinthis
regionconsiderablescatterinthemeasuredpointsisapparent,ingen-
eralthedatashowa trendtowardrearward control.Sucha trendmight
be expectedwhenthefrontrotorisoperatingsufficientlyfarintothe
regionidentifiedwithvortex-ringflow”statetohaveanunstablevaria-
tionofthrustwithcollectivepitch.

Itispossiblethattheproximitytothevortex-ringflowstate
mightalsoaffectthedegreeofagreementofthemeasuredandpredicted
trendsat thelowerratesofdescent.Theagreementshown,however,is
consideredsufficienttowarranttheuseofthemethodwithoutsuchaddi-
tionalrefinementsforexploringthepossibilityofexcessivelongitudinal
controlrequirementsatvariousflightconditions.Thedegreeofagree-
mentalsoappesrstobe sufficienttowsrrantuseofthemethodduring
thedesignstagestoexaminepotentialcontrolrequirementsat themost
severeconditionofrotorinterferenceandtoaidinplacingthecondi-
tionformaximumcontrolneedat somelittle-usedflightcondition.

TheoreticalIndicationsoftheEffectsofRotor

InterferenceonLongitudinalControl

Inordertoexplorethepossibilityofexcessivelongitudinalcon-
trolrequirementsfora rangeofflightcondit~ons,calculationswere
madeat onelower( )

~hs 0.40 andonehigher(Vh- 2.50)airspeedcon-
ditionthanthoseforwhichexperimentaldatiawereobtained.Thesedata
areshowninfigure8 alongwiththetwocurvespreviouslypresentedfor
comparisonpurposes.As mightbe expected~om therelativemagnitudes
of themaximuminterference-inducedvelocitiesshowninfigure6 forthe
twoassumeddiskloadings,theestimatesof controlrequirementsshown
infigure7 basedonuniformlocaldiskloadingindicatethepossibility
ofmuchmoreseveremaximumnose-downcontrolrequirementthanthose
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estimatesbasedontriangularlocaldiskloading.Comparisonof fig-
. ures8(a)and8(b)showsthatthetrendsof controlrequiredas airspeed

andvertttcalvelocityvaryaresimilarforthetwoassumedvariationsof
diskloading.Thetrendsshowthat,at allairspeedsconsidered,large
amountsoflongitudinalcontrolarepredictedfbrtrimat somerateof
descent.Thepredictedcurvesalsoshowthetendency,notedpreviously
inthediscussionof theexperimentaldata,forthelongitudinalcontrol
requirementtobe moresevereat thecriticalconditionsforthelower
airspeeds.

Thecurvesforthelowestairspeed(~h. 0.40)showninfigures8(a)
and8(b)alsosuggestthatmorethanonetrimcontrolpositionmayexist
at highratesofdescentat thatairspeed.ThetheoryIsknowntobe
inadequateforcalculatinginducedvelocitiesinthisregion.An exami-
nationofvaluesof inducedvelocityobtainedfrcmthesemiempirical
treatmentofreference8 forthisairspeedregion,however,appearsto
supporttheexistenceofmorethanonetrimposition.

CONCLUSIONS

Theindicationsof somestudiesof staticlongitudinalstability
andcontrolcharacteristicsofan overlappedtandem-rotorhelicopterat
lowforwardairspeedscanbe sunmarizedas follows:

*
1.Differentratesofdescentmaybe obtainedat thesameslowly

changingforwaidairspeedandconstantpowerdependinguponwhetherthe
conditionisapproachedfrcmlowerorhigherairspeeds;thus,forvery
low airspeeds, thetechniqueof slowlyvaryingairspeedat constant
powerandcollectivepitchdoesnotprovidea reliableorrepeatable
meansof obtainingreliablespeedstabilitydata.

2.At certaincombinationsoflowforwardairspeedsad power(rate
ofdescent),a criticalamountandrateof changewithpoweroflongi.
tudinalcontrolisrequiredtomaintaintriumedflightforthetest
configuration.

3. Estimatesbasedontheoreticallypredictedinterferencebetween
rotorsoperatingintandemshowthattheinterferencebetweentherotors
at certainflightconditionscouldprovidea potentialsourceoflarger
momentsthancanbe counteractedby amountsoflongitudinalcontrol
generallyprovidedfortandemconfigurations.

4. Fora tandemconfigurationitappearsdesirableduringthedesign
stagestousetheoreticalproceduressuchas thoseprovidedhereinto
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examinethepotentielcontrolrequirementat themostseverecondition
ofrotorinterferenceandtoplacetheconditionformaximumcontrol w
needat somelittle-usedflightcondition.

LangleyAeronauticalLaboratory,
NationalAdvisoryComnitteeforAeronautics,

LangleyField,Vs.,August26,1958.

*

.
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APPmIx

INSTALLATIONFORMEASURINGLOWAIRSPEEDS

In ordertoprovidea measurementofairspeedat nearzeroornega-
tivevalues,a systemof fourdouble-endedshieldedtubeswereinstalled
onthehelicopter.Thelocationsatwhichthetubeswereinstalledare
notedinfigure1. A schematicdiagramof theinstallationanddetails
ofthepickuptubessreshowninfigure9.

Thepickuptubesweredesignedthroughwind-tunneltestswiththe
intentofprovidinga total-pressureandlow-pressurereferencesource
whichwouldmeasureessentiallya componentofairspeedalongtheaxis
of thetube. Forforwardairspeedstheforwardendofthetubesacted
aspressurepickups,therearwardendsupplyingthelow-pressureref-
erence.Conversely,forrearwardairspeedstherearward endofthe
tubesbecamepressurepickups,theforwardendactingasa reference.
Fourlocationswereusedto averageouttheeffectsoflocalflowvaria-
tionsandtoprovidea basicallysymmetricalpickupsystemapplicable
tobothforwardandrearwardairspeeds.

Thepickuptubesweremanifoldedtogetherandconnectedto the
pilot’sindicatorandrecorder.A calibrationofthesystem was made

4 inlevelflightby pacingthehelicopterwitha groundvelqicleandby
hoveringinknownwindvelocities.Thiscalibration,usedtorelate
theflightconditionto nondimensionalair-flowparameters,is shownin

. figure10. Figure10 showsthatthecalibrationofthesystemisapproxi-
matelylinearaboveabout20 knotsandindicatesprogressivelyhigher
thancalibratedairspeedas theairspeedis increased.Also,thecali-
brationoftheairspeedsystemappe=stobe nonlinearbelowabout20 knots
andprovidesan indicatedairspeedofabout10 knotsrearward forcali-
bratedzeroairspeed.No calibrationoftheairspeedsystemwasmadein
otherthanlevelflight;however,asalreadymentioned,thepickuptubes
weredevelopedtoprovideessentiallya cosine-wavecalibrationofpres-
suredifferenceagainstflowangle.Thus,thesystemshouldindicatea
pressuredifferenceapproximatelyproportionalo-plyto thecmponentof
airspeedalongtheaxisof thetubes.Pilot*scommentsduringtheflight
testsshowedthat,inaccordancewiththeinitialdesignintentionof the
pickuptubes,theindicationswererelativelyunaffectedby vertical
velocity.
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TABLEI.

15

APPROXIMATEPHYSICALCHARACTERISTICSOFHELICOPTER

Grossweight,lb....... . . . . . . . . . . . . . . . .
Thrustcoefficient,~, averageofbothrotors. . . . . . . .
Pitchingmomentof inertia,slug-ft2. . . . . . . . . . . . .
Numberofbladesperrotor. . . . . . . . . . . . . . . . . .
Dismeterofeachrotor,ft.. . . . . . . . . . . . . . . . .
Distancebetweenrotorshafts,f% . . . . . . . . . . . . . .
Verticaldistancebetweenplaneofrotors,ft . . . . . . . .
Solidity(chordweightedaccordingtoradiussquared). . . .
Blademassconstant(ratioofairforcesto inertia

% forces). . . . . . . . . . . . . . . . . . . . . . . . . .
Longitudinalcyclicpitchperinchof stickdeflec- -
tion,deg . . . . . . . . . . . . . . . . . . . . . . . . .

. Differentialcollectivepitchperinchof stick
deflection,deg . . . . . . . . . . . . . . . . . . . . . .

Horizontal-stabilizerprojectedarea,approximate,sqft . . .
Totalverticsl-stabilizerprojectedsrea,approximate,
Sqft . . . . . . . . . . . . . . . .’.. . . . . . . . . .

Allowablecenter-of-gyavityrange,inchesforwardof
midpointbetweenrotors . . . . . . . . . . . . . . . . .

~,600
0.0055
11,000

3;
21.9
1.8

0.059

7.5

1.09

0.68
48
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